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Abstract

Somewhere between 30 to 89% of patients with COVID-19 admitted to a critical care 

unit require invasive mechanical ventilation. Concern over the lack of adequate numbers of 

critical care ventilators to meet this demand led the United States Food and Drug Administration 

to authorize the use of anesthesia machines as critical care ventilators. The use of anesthesia 

machines for ventilating COVID-19 patients is overseen by an anesthesia provider but 

respiratory therapists may encounter their use. This article provides critical care respiratory 

therapists with a review of the fundamental differences between anesthesia machines and critical 

care ventilators. The differences between anesthesia machine ventilators and critical care 

ventilators are outlined. Also examined are the common problems encountered when using an 

anesthesia machine to ventilate a COVID-19 patient and steps to mitigate these problems. 
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Introduction

Somewhere between 30 to 89% of patients with COVID-19 admitted to a critical care 

unit require invasive mechanical ventilation.1 Concern over the lack of adequate numbers of 

critical care ventilators) to meet this demand led the United States Food and Drug Administration 

to authorize the use of anesthesia machines (sometimes termed “anesthesia workstations”) as 

critical care ventilators.2 This may occur by repurposing operating rooms into intensive care beds 

or by relocating anesthesia ventilators to the intensive care unit. In both cases, the stated 

simplicity belies the important technical differences in devices and skills required for safe and 

effective operation. 

Anesthesia machines are multi-component devices intended to deliver oxygen (O2) and 

other gases including nitrous oxide and air along with volatile (also called inhaled) anesthetic 

agents. The anesthesia machine often includes a physiologic monitor, capnograph, anesthetic  

gas monitor and additional monitors. A mechanical ventilator is integrated into the anesthesia 

machine. Anesthesia machines may effectively ventilate critically ill patients but differ 

significantly from critical care ventilators both in design and operation.3, 4 Anesthesia providers 

(Certified Registered Nurse Anesthetists or physician anesthesiologists) should oversee the use 

of anesthesia machines with COVID-19 patients,3 but respiratory therapists are likely to  be 

involved in their monitoring and use in the critical care unit. 

This article provides critical care respiratory therapists with a review of the fundamental 

differences between anesthesia machines and critical care ventilators. Also examined are the 

common problems encountered when using an anesthesia machine to ventilate a COVID-19 

patient and steps to mitigate these problems. Volatile anesthetics are sometimes administered to 

patients with severe asthma5 and seizure disorder6 in critical care units. A discussion of this 
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practice is beyond the scope of this article. This information is not intended to replace formal 

training or manufacturer instructions. Like critical care ventilators, there are many manufacturers 

and models of anesthesia machines, and readers must follow manufacturer instructions and other 

guidelines. Readers are referred elsewhere for detailed directions on how to use an anesthesia 

machine as a critical care ventilator.2-4 

Fundamental Differences Between Critical Care Ventilators and Anesthesia Machines

Critical care ventilators deliver breaths containing a variable O2 concentration (FIO2), 

typically set from 0.21-1.0. Depending on the ventilation mode selected, the flow of gas from the 

ventilator can be triggered by patient effort, by settings controlled by the operator such as 

delivering a specified number of breaths per minute, or a combination of the two. A critical care 

ventilator is capable of  a number of modes of ventilation as well as volume, pressure and 

adaptive pressure breaths. The critical care ventilator also delivers positive end-expiratory 

pressure (PEEP) and allows control of  inspiratory flow, inspiratory time, rise time and flow 

termination criteria. Critical care ventilators include a dizzying array of alarms and displays of 

monitored variables based on airway pressure and flow. 

An anesthesia machine delivers oxygen and other gases such as air and nitrous oxide (an 

analgesic that has some anesthetic properties) along with volatile (also called “inhalational”) 

anesthetics (Figure 1). Patients may also breathe spontaneously with no ventilatory support . A 

positive pressure breath can be delivered either manually by squeezing a breathing bag that is 

part of the machine or by using the integrated mechanical ventilator. The ventilator may range 

from a simple bellows in a box device to one approaching the sophistication of a critical care 

ventilator and deliver patient triggered breaths. The anesthesia machine may contain a gas and 

anesthetic monitor, analyzing the inspiratory and expiratory concentrations of O2, CO2, and the 
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volatile anesthetic as well as a physiologic vital signs monitor. Unlike the critical care ventilator, 

the anesthesia machine is intended to be operated with an anesthesia provider in attendance at all 

times.

Two of the five major differences between critical care and anesthesia machine 

ventilators are related: potential for rebreathing of exhaled gases and CO2 absorption. The third 

major difference is the use of a scavenging system preventing pollution of the room with inhaled 

anesthetics. The fourth major difference is that FIO2 may be set using gas flowmeters on older 

anesthesia machine while the FIO2 is directly set on a critical care ventilator or newer anesthesia 

ventilator. The final major difference is that manual and mechanical ventilation can be delivered 

using the anesthesia machine.7 Table 1 contains a summary of these and other differences 

between an anesthesia machine and a critical care ventilator. These five major differences are 

discussed further below.

Non-, Partial, and Complete Rebreathing

The critical care ventilator operates as a non-rebreathing system where exhaled gases are 

vented to the atmosphere. The anesthesia machine operates as non-rebreathing (also called an 

“open”) system where all of the exhaled gases are vented to the scavenging system, partial 

rebreathing (also called “semi-closed”) system where a portion of the exhaled gases are recycled, 

or a complete  rebreathing (also called a “closed”) system where none of the exhaled gases are 

recycled. The anesthesia machine is rarely used a complete rebreathing system in the operating 

room. It is often used as a partial rebreathing system there to help conserve volatile anesthetics, 

to reduce costs and to conserve heat and moisture.7 When used as a partial rebreathing system, 

the fresh gas flow (the amount of gas in liters per minute continuously entering the breathing 

circuit set by the operator, not the flow of gas during inhalation) is less than the patient’s minute 
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ventilation and the CO2 contained in the portion of the patient’s exhaled breath is chemically 

removed by the CO2 absorber.7 In contrast, the anesthesia machine is used as a non-rebreathing 

system when used with COVID-19 patients. This is primarily done to help mitigate problems 

resulting from excess moisture buildup in the inspiratory limb of the breathing circuit when the 

anesthesia machine is used with these patients.3, 4 This is discussed further below. 

Factors or controls determining if the anesthesia machine is operating as a complete, 

partial, or non-rebreathing system include the fresh gas flow, adjustment of the adjustable 

pressure-limiting (APL) valve if the patient is breathing spontaneously or being manually 

ventilated (or analogous valve located with the integrated mechanical ventilator), use of one-way 

inspiratory and expiratory valves, and presence of the CO2 absorber.7 Table 2 contains an 

explanation of terms used when discussing the anesthesia machine and rebreathing. Fresh gas 

flow and the circle system are discussed further below.

Fresh Gas Flow 

Oxygen and other gases such as air and nitrous oxide are supplied from central pipeline 

sources or tanks mounted on the anesthesia machine. The anesthesia machine is disabled if there 

is a loss of the O2 supply pressure. This is a safety system to prevent hypoxic gas mixtures being 

delivered in the absence of an O2 supply. Regulators in the anesthesia machine reduce the 

pressure of the supplied gases prior to delivery. The flow of gases (O2, nitrous oxide, air) to the 

patient are regulated by the anesthesia provider directing setting the flows of the gases on 

flowmeters or by setting variables such as total flow and FIO2.7 This gas flow is termed the fresh 

gas flow and is the  amount of new gas added to the breathing circuit each minute. 

High fresh gas flow is associated with minimal rebreathing. High fresh gas flows (greater 

than the patient’s minute ventilation) are used when the anesthesia machine is operated as a non-
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rebreathing system and should be done with COVID-19 patients to help minimize excessive 

moisture production in the breathing circuit.3, 4 More rebreathing occurs as the fresh gas flow  is 

decreased.7 To emphasize, fresh gas flow is the amount of gas in liters per minute continuously 

entering the breathing circuit set by the operator and not the flow of gas mixture provided by the 

mechanical ventilator during inspiration. The flow of the gas mixture from the mechanical 

ventilator during inspiration is determined by the settings on the ventilator. 

If desired by the anesthesia provider, the fresh gas flow may pass through vaporizers 

before entering the breathing circuit. These vaporizers convert the liquid volatile anesthetics to a 

vapor. The vaporizers allow delivery of the anesthetic at the desired concentration. Vaporizers 

should be removed or drained on anesthesia machines repurposed as critical care ventilators for 

COVID-19 patients.3, 4 The fresh gas flow then flows directly into the circle system.7

Circle System

The circle system is designed to permit rebreathing of exhaled gases, while chemically 

absorbing exhaled CO2. The flow of gas to the patient circuit is continuous (the fresh gas flow). 

The simplified patient circuit or circle system includes the adjustable pressure-limiting (APL) 

valve, breathing bag, carbon dioxide absorber, one-way inspiratory and expiratory valves, 

breathing circuit (usually 22 mm corrugated tubing) and a Y-connector with a heat and moisture 

exchanging filter (HMEF) (Figure 2). The APL valve prevents pressure build up in the system if 

fresh gas flow significantly exceeds the oxygen consumption of the patient. An analogous valve 

on the integrated mechanical ventilator performs this function if the patient is mechanically 

ventilated.7

Carbon Dioxide Absorption
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There is no need for CO2 absorption with a critical care ventilator as no portion of the 

exhaled gases are recycled. Exhaled gases, containing CO2, can be recycled using an anesthesia 

machine. The CO2 in the exhaled breath must be removed to prevent hypercapnia. Carbon 

dioxide is removed using an absorbent, often soda lime. This commonly used CO2 absorbent 

contains primarily calcium hydroxide along with small amounts of additional chemicals such as 

sodium hydroxide. The exhaled breath passes through the granular absorbent before returning to 

the patient.7

The absorbent does not soak up CO2 like a sponge. Rather, CO2 is chemically removed 

by converting it to calcium carbonate in a series of chemical reactions. These reactions also 

result in production of heat and water (Table 3). This water production may be excessive with 

COVID-19 patients due, in part, to an increased minute ventilation and elevated carbon dioxide 

production. The granules of the CO2 absorbent typically contain an indicator. This enables the 

granules to change color (such as from white to blue or purple) when the absorbent’s capacity 

has been exhausted. The life of the absorbent is highly variable, depending on factors including 

the type of absorbent, manufacturer, minute ventilation, patient carbon dioxide production and 

the fresh gas flow.7, 8 

Ability to Deliver Manual and Mechanical Ventilation

The critical care ventilator only delivers mechanical breaths. If required, manual 

ventilation is accomplished using a separate,  manual resuscitator. A non-self-inflating bag is 

part of the anesthesia machine. This bag is kept inflated by the fresh gas flow. Closing the APL 

valve and squeezing the bag delivers a manual breath to the patient via endotracheal tube or face 

mask. An O2 flush valve is present in the anesthesia machine and, when depressed, delivers 

100% O2 at a flow rate of 35 to 70 L/min into the patient circuit. This high flow of O2 helps 
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when manually ventilating a patient using the anesthesia machine with a facemask in the 

presence of leaks. The anesthesia machine does not initiate mechanical ventilation 

automatically.7 The breathing bag/ventilator switch and ventilator controls must be set correctly 

before mechanical ventilation will begin.

Setting the FIO2 

Anesthesia machines used as critical care ventilators must be able to deliver air due to the 

consequences of prolonged breathing of 100% O2. The FIO2 is directly set on the critical care 

ventilator. This may be done directly on more modern anesthesia machines, however, some 

anesthesia machines use the settings on the flowmeters on the anesthesia machine determine the 

FIO2. For instance, if 1 L/min each of O2 and nitrous oxide are delivered, the FIO2 is 0.5. If there is 

a flowmeter for air, then setting the O2 and air flowmeters control the FIO2 (Table 4). 

The FIO2 is continuously monitored using an O2 analyzer with high and low alarms. 

Modern anesthesia machines are designed to make hypoxic gas mixtures difficult to deliver if the 

system is properly functioning.7 It is difficult but possible to unknowingly change the FIO2 

setting. This underscores the need for the operator to be near the anesthesia machine.

Scavenging System

There is no need for a scavenging system with a critical care ventilator as the device does 

not deliver inhaled anesthetics. With an anesthesia machine, exhaled gases that are not 

rebreathed when operating as a partial or open system exit the circle system. These exhaled gases 

exit the circle system via the APL valve or analogous valve in the integrated mechanical 

ventilator via a system that directs these gases out of the room, as chronic exposure to personnel 

may be toxic.7 The scavenging hose leading from the anesthesia machine to the wall should be 
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removed if the anesthesia machine is used to ventilate a COVID-19 patient unless the machine 

will not function properly without it attached to a wall suction source.3

Using an Anesthesia Machine with COVID-19 Patients and Rebreathing – Excessive Water 
Production

Partial rebreathing with lower fresh gas flows, often done in the operating room, requires 

the CO2 absorbent to chemically remove CO2 from the portion of the exhaled breath that is 

rebreathed. In the operating room, this side effect of CO2 absorption increases the temperature 

and humidity of inspired gases. Water and heat are byproducts of the reactions of the chemicals 

in the absorbent and CO2.7, 8 This water production is a major problem with the often 

hypermetabolic (high CO2 production) COVID-19 patient requiring a high minute ventilation. 

Large amounts of water are produced and can occlude the patient circuit and interfere with flow 

sensors in the anesthesia machine.3 The anesthesia machine should be operated as a non-

rebreathing (open) system, mitigating the problem of excess water production from the CO2 

absorbent.3, 4

Fresh gas flows higher than the patient’s minute ventilation (such as 1.5 times higher) are  

recommended when used with these patients. Manufacturers and others offer guidance on setting 

the fresh gas flow (Figure 3). Some rebreathing may occur even with high fresh gas flows and 

the CO2 absorbent should be monitored for color change indicating depletion and be replaced if 

needed. Using a capnograph to detect excess inspiratory CO2 may help determine if there is 

unwanted CO2 rebreathing.3, 4, 7

Heated Humidifiers, Heat and Moisture Exchanging Filters, and the Anesthesia Machine

Heated humidifiers are rarely used with anesthesia machines. It may not be possible to 

attach a heated humidifier to an anesthesia machine but the moisture produced may interfere with 
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the operation. Therefore, HMEF is placed between the endotracheal tube and the patient 

connector to help conserve heat and moisture (Figure 4). Importantly, a heat and moisture 

exchanger without an integrated bacterial and viral filter should not be used. This positioning 

helps to protect the anesthesia machine from COVID-19 contamination and from excessive 

moisture that can affect flow sensors in the machine. This positioning also protects the small 

bore sample tubing leading to the gas monitor, helping to protect the monitor from 

contamination. The HMEF may become occluded due to copious secretions or by the added 

moisture from the process of CO2 absorption This may result in a slow increase in resistance. The 

HMEF should be routinely inspected and replaced as needed. Protection of the anesthesia 

machine is also facilitated by placing a filter on the end of expiratory limb where it connects to 

the anesthesia machine. Decontamination of the anesthesia machine is described in the 

manufacturer’s instructions.3, 4 

The Anesthesia Machine Ventilator

Older Anesthesia Machines

Older anesthesia machines were equipped with simple ventilators that solely delivered 

controlled ventilation. These ventilators were pneumatically powered and controlled. These 

devices used compressed gas (usually oxygen) to squeeze the bellows to deliver the gas mixture 

to the patient. These are commonly referred to as bag-in-the-box or bellows in the box 

ventilators.  Older anesthesia ventilators were not capable of delivering spontaneous breathing 

ventilation modes.7 Many of these anesthesia machines are still in use today and perform well in 

the operating room with anesthetized patients. 7

Newer Anesthesia Machines
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Newer anesthesia machines are often equipped with sophisticated electronically-

controlled ventilators capable of delivering many ventilation modes. Like older anesthesia 

machine ventilators, some of these devices use compressed O2 to squeeze a bellows and demand 

on the compressed O2 supply is a consideration.7, 9-14 Others use an electrically-powered piston or 

turbine to generate inspiratory flow.7, 15-17 There is tremendous variability in the features 

included on these devices and manufacturers are constantly updating the machines and the user 

must consult the manufacturer’s description and direction for use for a specific anesthesia 

machine (Table 5).

Reports suggest anesthesia machine ventilators may, however, not perform as well as 

critical care ventilators with COVID-19 patients. For example, authors describe asynchrony with 

the accompanying problems including excess airway pressure and patient discomfort may occur 

resolving then the anesthesia machine was replaced with a critical care ventilator.18, 19 This 

evidence suggests anesthesia machines should be used only if critical care ventilators are not 

available and should not be used with complicated patients. In addition, experts and experienced 

providers suggest a critical care ventilator may have to be used if there is difficulty ventilating 

the patient with an anesthesia machine.3, 19

Considerations When Using an Anesthesia Machines with COVID-19 Patients

Stakeholders should consider triage planning such as using anesthesia machines with 

patients suffering from non-respiratory conditions (trauma, neurologic conditions) and using 

critical care ventilators with patients with challenging respiratory conditions such as COVID-19. 

Providers should consider replacing the anesthesia machine with a critical care ventilator if the 
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COVID-19 patient is ineffectively ventilated when steps such as adjusting the ventilator settings 

including the inspiratory time, increasing sedation and paralysis are not effective.3, 4, 18, 19

Discussed below are general considerations when using an anesthesia machine to 

ventilate a COVID-19 patient in a critical care unit. Many agencies, manufacturers, and 

organizations provide detailed instructions for repurposing an anesthesia machine as a critical 

care ventilator for ventilating COVID-19 patients (Figure 3). Information includes specifics of 

determining proper fresh gas flow, preventing contamination, and disinfection of the anesthesia 

machine. This list is not all inclusive and like many features of this pandemic, resources are 

frequently revised and new resources become available.

General Planning

All stakeholders, including respiratory therapists, nursing personnel, critical care 

providers and anesthesia providers must work together to formulate the policy for using an 

anesthesia machine with COVID-19 patients in the critical care unit. Their use must be overseen 

by an anesthesia provider.2 The policy should include such things as how often the anesthesia 

provider rounds on the patients, how often an anesthesia machine checkout procedure is required 

by anesthesia provider, key alarms the non-anesthesia providers must be aware of, and methods 

of communication with the anesthesia provider. 

Patients ventilated using an anesthesia machine should be located in the same unit, 

facilitating an anesthesia provider supervising their use.2 Room size is a consideration as 

anesthesia machines are often larger than critical care ventilators. Central O2, air, and suction 

outlets must be at the bedside. There are one or two small O2 cylinders for emergency use on the 

anesthesia machine, but these will become quickly exhausted. Oxygen use is dramatically 

increased if the anesthesia machine ventilator is pneumatically-powered by compressed O2.3, 4 
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Selection and Preparation of the Anesthesia Machine

The anesthesia machine must be capable of delivering patient triggered breathing modes 

and air/O2 mixtures and deliver a constant level of PEEP. Personnel from the anesthesia 

department should prepare the anesthesia machine, including removing or disabling all 

vaporizers and removing the nitrous oxide high pressure hose. Flushing the anesthesia machine 

with high flow O2 or air helps ensure removal of any residual anesthetic.3, 4, 20 The anesthesia 

machine may have an integrated monitor including a capnograph and anesthetic gas monitor. 

These monitors should remain intact.

Anesthesia Machine Checkout Procedure

The anesthesia machine may require completion of a checkout procedure prior to use and 

periodically during use as often as 24 to 72hours. The device may malfunction if this checkout 

procedure is not accomplished and the anesthesia provider should monitor the need for this 

checkout and pre-emptively perform the checkout. An alternative ventilation method (another 

ventilator, a self-inflating bag) should be available as the anesthesia machine cannot be used 

during the checkout procedure and the checkout may last a few minutes. Considerations include 

preventing alveolar de-recruitment while using an alternative ventilation method.3, 4, 18, 21

Alarms

Alarms include a disconnect, high pressure, and high and low FIO2, along with others. 

These should be tested and set appropriately, and all personnel should be aware these audible 

alarms are not as loud as those on a critical care ventilator. The alarms will likely not interface 

with the nurse call system or connect with the electronic health record. Personnel must remain 

located close enough to patients ventilated with an anesthesia machine to hear the alarms. 2-4 

Care of critically ill patients in the operating room, repurposed as an ICU, presents significant 
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logistical issues. If the patient is provided critical care in the operating room, the ability for 

caregivers to hear alarms is further diminished.

Setting the Fresh Gas flow and the FIO2

As previous mentioned, the anesthesia machine should be used as a non-rebreathing 

system. This helps prevent the carbon dioxide absorber from having to remove as much CO2 and 

the resultant water byproduct. Use as a non-rebreathing system will also extend the supply of 

CO2 absorbent. Some rebreathing can occur even with high fresh gas flows, so the CO2 

absorbent must be left in place and monitored. Fresh gas flow (combined amount of O2 and air) 

will determine the FIO2 and this should be higher than the patient’s minute ventilation. This may 

be 1.5 times minute ventilation but recommendations vary between anesthesia machine 

manufacturers (refer to the manufacturer resources in Figure 6).3, 4 Others report using a fresh 

gas flow of 10 L/min with adult COVID-19 patients.18 The FIO2 is determined by the flowmeter 

setting or may be set directly (Figure 2). All personnel must take care not to accidentally alter the 

desired settings, underscoring the need for a qualified operator to be with anesthesia machine at 

all times.

The Heat and Moisture Exchanging Filter and Breathing Circuit Filter

As discussed above, an HMEF should be placed between the endotracheal tube and 

breathing circuit patient connector (Figure 4). A filter should be placed between the exhalation 

limb of the breathing circuit where it attaches to the anesthesia machine.3, 4 In the presence of 

excess humidity, this filter should be monitored for increases in resistance and changed as 

needed. The importance of frequent monitoring of this filter cannot be overstated.

Sharing Anesthesia Machines

Page 15 of 41 Respiratory Care



16

Authors of a small case series described ventilating three groups (two COVID-19 patients 

per group) using a single critical care ventilator. The patients were sedated and paralyzed. They 

concluded this could be feasible as a stopgap measure, but safety requires careful patient 

selection and patient monitoring.22 In one of these three pairs of patients, an anesthesia machine 

was used to provide shared ventilation, In this case, the authors noted issues with increased HME 

resistance from moisture accumulation further exacerbating volume distribution between 

patients. In a 24-hour period they reported changing the HMEF four times due to exces water 

accumulation. The authors also noted issues related to rapid exhaustion of the CO2 absorbent. 

No large studies have been conducted examining ventilator sharing (including anesthesia 

machine sharing). A consensus statement authored by multiple critical care professional 

organizations warns against sharing mechanical ventilators. Reasons include volumes 

preferentially going to the most compliant lung segments, monitoring difficulties, and risking 

life-threatening treatment failure of the involved patients.23 

Potential Problems and Mitigation Methods

Potential problems and those reported when using an anesthesia machine to ventilate 

COVID-19 patients are described in Table 6 along with possible causes and mitigation methods 

All stakeholders must be keenly aware of the potential for excess water in the breathing circuit. 

This can lead to obstruction of the circuit and occlusion of the HMEF. Other problems include 

frequent exhaustion of the CO2 absorbent and resulting hypercapnia, ineffective ventilation and 

alveolar de-recruitment when the anesthesia machine is disconnected from the patient for various 

reasons, as well as inability to hear alarms. 18, 19, 24-27
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Summary

Anesthesia machines are being repurposed as critical care ventilators during the COVID-

19 pandemic.18, 24-26, 28, 29 Their use should be overseen by an anesthesia provider; however 

respiratory therapists will be involved in their monitoring and use. Anesthesia machines are 

fundamentally different than critical care ventilators and respiratory therapists should be familiar 

with these differences. All providers must be aware of the potential problems and limitations 

when using these devices with COVID-19 patients.
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Figure 1. A modern anesthesia machine (Aisys, GE Heathcare). There are many design 

variations.

Figure 2. A simplified drawing of the anesthesia machine circle system. 

Figure 3. Resources for using anesthesia machines as critical care ventilators for use with 

COVID-19 patients.

Figure 4. Proper location of heat and moisture exchanger protecting the anesthesia machine and 

gas monitor.
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Table 1. Summary of Important Differences Between an Anesthesia Machine and a Critical Care 

Ventilator2-4, 7

Anesthesia Machine Critical Care Ventilator
Major Differences

Operates as a non-rebreathing, partial 

rebreathing, or complete rebreathing system by 

using a circle breathing system where exhaled 

gases can be recycled and reintroduced with 

fresh gas flow

Operates as a non-rebreathing system, does 

not use a circle system

Equipped with a CO2 absorber (if depleted, 

may result in increased inspiratory CO2 and 

hypercapnia)

No need for a CO2 absorber

Can deliver manual or mechanical ventilation Delivers only mechanical ventilation

FIO2 determined by settings on the gas 

flowmeters or an FIO2 control

The operator directly sets the FIO2 

Equipped with a scavenger system that 

prevents pollution of room with anesthetics

No need for a scavenger system

Other Differences
Operated by a continuously present anesthesia 

provider, maintained by an anesthesia provider 

or anesthesia technician

Operated and maintained by a respiratory 

therapist

Delivers O2 and other gases such as air and 

nitrous oxide and volatile (inhaled) anesthetics 

Typically delivers only O2 and air
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(such as isoflurane, sevoflurane and 

desflurane)

Requires an operator in attendance at all times Not required for the operator to be with the 

device at all times

Designed for intermittent use  during a single 

day with multiple patients

Designed for continuous use for days with the 

same patient

Alarm volume may not be loud enough to be 

heard in the critical care unit

Alarm volume designed to be heard in a 

critical care unit

Alarms do not interface with the hospital nurse 

call alarm system

Alarms may generate alerts in the hospital 

nurse call alarm system

May contain residual amounts of anesthetic 

agents in the breathing system (remote risk of 

malignant hyperthermia)

Does not contain residual amounts of 

anesthetic agents

Often has an integrated gas and anesthetic 

monitor

May contain or interface with a gas monitor

May have a physiologic monitor Typically, no integrated physiologic monitor

May interface with an electronic anesthesia 

record (that ultimately becomes part of the 

patient record) but not directly with the patient 

electronic medical record

May interface directly with the patient 

electronic medical record

Rarely used with a heated humidifier Commonly used with a heated humidifier
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Table 2. Operating an Anesthesia Machine as a Complete Rebreathing (Closed), Partial 

Rebreathing (Semi-closed) and Non-rebreathing (Open) System.3, 4, 7

Complete rebreathing 

(closed) system*

Partial rebreathing (semi-

closed) system

Non-rebreathing 

(open) system

FGF and minute 

ventilation

FGF comprised only of 

O2 with the flow rate 

meeting metabolic 

demand†with flow 

much lower than 

minute ventilation

FGF does not equal or 

exceed minute ventilation, 

gases other than O2 may 

be used such as air or 

nitrous oxide

FGF equals or 

exceeds minute 

ventilation

APL valve‡ Closed Partially open Fully open

Role of CO2 

absorbent

Fully dependent on 

CO2 absorbent to 

remove exhaled CO2

Some portion of the 

exhaled breath is 

rebreathed; dependent on 

CO2 absorbent to remove 

exhaled CO2

Little dependence on 

CO2 absorbent to 

removed exhaled 

CO2

Portion of 

exhaled breath 

shunted to 

atmosphere§

All unused portion of 

the inhaled breath is 

rebreathed with no 

portion of the exhaled 

breath shunted to the 

atmosphere via the 

scavenging system

Some of the exhaled 

breath shunted to the 

atmosphere via the 

scavenging system

Almost all or all of 

the exhaled breath 

shunted to the 

atmosphere via the 

scavenging system
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Advantages Conservation of O2, 

volatile anesthetics and 

less heat and water loss 

from the respiratory 

system

Can use other gases with 

O2; some conservation of 

volatile anesthetics and 

some conservation of heat 

and water loss from the 

respiratory system; some 

conservation of CO2 

absorbent, less buildup of 

moisture in breathing 

circuit from the CO2 

absorbent

Can use other gases 

with O2, little 

dependence on CO2 

absorbent to remove 

CO2 from exhaled 

breaths, little buildup 

of moisture in 

breathing circuit 

from the CO2 

absorbent

Disadvantages Requires use of FIO2 

1.0, technically 

difficult, little room for 

error if patient’s O2 

requirement increases; 

excess moisture can 

build in the circuit due 

to water production by 

the CO2 absorbent3; 

may see potentially 

toxic accumulation of 

metabolites, may see 

Excess moisture can build 

in the circuit due to water 

production by the CO2 

absorbent, somewhat 

quick exhaustion of the 

CO2 absorbent compared 

with non-rebreathing with 

resulting hypercapnia, 

should ensure an HMEF 

is used to help conserve 

heat and lessen moisture 

loss from the lungs

Quicker depletion of 

gas and volatile 

anesthetics, must use 

an HMEF to help 

conserve heat and 

reduce moisture loss 

from the respiratory 

system||, more rapid 

depletion of gas 

supplies
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quick exhaustion of the 

CO2 absorbent with 

resulting hypercapnia

*Typically done with only FIO2 1.0.

†Metabolic demand for oxygen of a normal size anesthetized adult is about 0.2 L/min.

‡An analogous valve is present on the integrated mechanical ventilator .

§Water is produced as a byproduct of the CO2 absorbent reaction to remove CO2 from exhaled 

breaths. The more CO2 is removed, the more water is produced.

||HMEF may not prevent thick airway secretions, especially with high minute volumes and 

thick or bloody secretions.

APL = adjustable pressure-limiting

FGF = fresh gas flow
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Table 3. Series of Chemical Reactions Resulting in the Removal of CO2 from Exhaled Breaths 
by Soda Lime.8

CO2 + H2O  H2CO3
H2CO3 + NaOH  NaHCO3 + H2O
NaHCO3 + Ca(OH)2  CaCO3 + H2O + NaOH +Heat

Note that water and heat are byproducts of these reactions.

CO2  = carbon dioxide
H2O = water
H2CO3 = carbonic acid
NaOH = sodium hydroxide
NaHCO3 = sodium bicarbonate
Ca(OH)2 = calcium hydroxide
CaCO3 =  calcium carbonate
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Table 4. Determining the FIO2 Using the Air and O2 Flowmeter Settings on an Anesthesia 

Machine

Basic Principles

• Flowmeter settings are used on some anesthesia machines to determine the FIO2*

• FGF is the total flow per min of all gases (such as O2 and N2O or O2 and air)

• 21% of air is O2 

• If ONLY air is used, the FIO2 will be 0.21

• FIO2 is calculated using the following formula when using air and O2

o FIO2 = (Air flow X 0.21) + (O2 flow X 1.0) ÷ Fresh gas flow

Anesthesia Machine Air and O2 Flowmeter Settings with Resultant FIO2  Using a Fresh Gas Flow 

= 10 L/min)

O2 flowmeter setting 

(L/min)

Air flowmeter setting 

(L/min)

O2 content of air at this air 

flowmeter setting (L/min) FIO2

9 1 0.21 0.92

5 5 1.05 0.61

4 6 1.26 0.53

1 9 1.89 0.29

*FGF when using a COVID-19 adult patient should be equal to or higher than the patient’s 

minute ventilation. See the manufacturer recommendations.9 Some have reported using a FGF of 

150% of minute ventilation or 10 L/min with these patients.3

FGF = fresh gas flow

N2O = nitrous oxide
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Table 5. Features of Various Modern Electronically-Controlled Anesthesia Ventilators*

Dräger 

Fabius GS 

Premium15

Dräger 

Apollo16

Dräger 

Perseus 

A50017

Datex-

Ohmeda 

Aestiva 

with 7900 

ventilator12

GE Avance 

CS9

GE 

Aespire 

790010

GE Aisys 

Carestation 

CS11

Mindray A5 

and A7 

Advantage†13, 

14

Drive 

mechanism

Piston Piston Turbine Ascending bellows Ascending 

bellows

Powered Electric Electric Electric Pneumatic Pneumatic

Standard 

ventilation 

modes 

Manual/

spontaneous

VC

Manual/

Spontaneous

VM

PM

Manual / 

spontaneou

s

PC - CMV,  

PC – 

SIMV+

VC

PC

SIMV

PSVPro

VC with tidal 

volume 

compensation

VC

PC

SIMV

PSVPro

VC with tidal 

volume 

compensation

Manual/

spontaneous

VC

CPAP/PS

PC-VG

PCV-VC

SIMV-PC
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VC – 

CMV, VC  

– 

CMV/AF, 

VC – 

SIMV/AF

Optional 

ventilation 

modes

PC

PS

SVCV-PS

Synchronizat

ion

PS

VC - AF

PS – 

CPAP/

PC – 

SIMV+ 

PS and VC 

– SIMV / 

AF / PS 

PC – 

APRV

PC

PCV-VG

SIMV 

(volume and 

pressure)

PSVPro

CPAP+PSV

SIMV PCV-

VG

PC

PCV-VG

SIMV 

(Volume, 

pressure, and 

PCV-VG)

PSVPro

CPAP + PSV 

SIMV-VG

APRV

Lung 

recruitment
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PEEP (cm 

H2O)

0 to 20 2 to 35 Off; 2 to 35 Electronic

ally 

controlled

Off; 4 to 

30 

Electronically 

controlled

Off; 4 to 30 

Electroni

cally 

controlled

Off; 4 to 

30 

Electronically 

controlled

Off; 4 to 30 

Off, 0 to 30

Maximum 

inspiratory 

flow 

(L/min)

75  in 

volume and 

pressure 

modes 

control; 85  

in pressure 

support 

mode

In pressure 

mode – max 

150

180 120 120 120 120 120 plus FGF

*Information in this table serves as a guide. Consult the manufacturer.

†A4 Advantage capable of delivering spontaneous ventilation modes with fewer standard ventilation modes

AF = autoflow

APRV = airway pressure release ventilation
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CMV = continuous mandatory ventilation

CPAP = continuous positive airway pressure

FGF = fresh gas flow

PC = pressure control

PCV = pressure-controlled ventilation

PCV-VG = Pressure control volume guarantee

PM = pressure mode

PS = pressure support

PSVPro = pressure support ventilation with apnea backup

SVCV-PS = Synchronized volume-controlled ventilation with pressure support

SIMV = synchronized intermittent mandatory ventilation 

VC = volume control

VG = volume guarantee

VM = volume mode
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Table 6. Potential Problems When Ventilating a COVID-19 Patient Using an Anesthesia 

Machine - Possible Causes and Possible Mitigation Steps.18, 19, 24-27

Problem Possible Cause Steps to Help Mitigate the Problem
Respiratory therapist and 

critical care physicians 

unfamiliarity with anesthesia 

machines

It is not expected for 

respiratory therapists 

to be familiar with 

anesthesia machines

All stakeholders should be involved 

with the policy and procedure of using 

the anesthesia machine as a ventilator 

including their responsibilities and 

methods of communication

Excess water in the breathing 

circuit

Water production 

from CO2 removal 

by the CO2 absorber

FGF higher than minute ventilation 

(may be 1.5 times minute ventilation or 

more) as this will decrease the need for 

the absorber to remove CO2 and 

decreasing the resultant water 

byproduct*; monitor closely

Occlusion of the HMEF 

located between the 

endotracheal tube and patient 

Patient secretions 

and water

Monitor the condition of the HMEF

Change periodically and as needed 

keeping in mind the possible need to 

conserve supplies

Frequent exhaustion of the 

CO2 absorber

Insufficient FGF FGF should be greater than the minute 

ventilation (such as 1.5 times minute 

ventilation) to help decrease the need for 

the CO2 absorbent to remove CO2 from 

the exhaled breath*
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Alveolar de-recruitment and 

possible hypoxemia when 

changing HMEF; breathing 

circuit or removing the 

patient from the anesthesia 

machine for anesthesia 

machine check out procedure

Decrease in airway 

pressure, FIO2, and/or 

minute ventilation

Plan and rehearse procedures when the 

patient will be separated from the 

anesthesia machine

Excessive airway pressure 

and patient discomfort

Patient-ventilator 

asynchrony 

Adjust the ventilation mode

May have to switch to a critical care 

ventilator as it may not be possible to set 

the desired inspiratory time in a high 

minute ventilation scenario

Gas monitoring sample line 

tubing and/or water trap 

contamination or occlusion

HMEF not 

positioned to protect 

the gas monitoring 

sample line

Reposition HMEF appropriately, 

monitor closely

Anesthesia machine flow 

sensor malfunction

Excess moisture in 

the patient circuit

Be sure the HMEF is placed between 

the endotracheal tube and the patient 

connector on the breathing circuit;

Use adequate FGF to help limit the 

amount of water production from the 

CO2 absorbent
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Use with inline nebulizer Not designed for use 

with an inline 

nebulizer

Closely monitor if a nebulizer is used

Leak compensation Likely no leak 

compensation

Monitor closely if a breathing circuit 

leak is suspected, NIV with the 

anesthesia ventilator is not 

recommended

Quick emergency activation 

to deliver FIO2 1.0

Not present on an 

anesthesia machine

Must adjust the flowmeters to deliver 

FIO2 1.0

Unwanted activation of the 

oxygen flush valve with 

resulting increased airway 

pressure

Accidental activation 

of the valve by 

personnel 

Orientation of non-anesthesia providers 

to the basic components and function of 

the anesthesia machine

Loss of electrical power to 

the anesthesia machine

Overloading of 

circuit breaker 

dedicated to the 

patient room

Carefully monitor the demands of the 

devices in the patient room

Lack of procedures for 

documentation of anesthesia 

machine settings and output 

from machine and 

physiologic monitors

Current 

documentation 

procedures may be 

problematic, 

anesthesia machine 

does not interface 

Consult information technology 

personnel to determine if the anesthesia 

machine and physiologic monitors can 

interface directly with the patient record 

Identify a documentation procedure
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directly with the 

patient electronic 

medical record

*See the manufacturer and other resources in Figure 4 for guidance on setting the FGF. Reports 

of using FGF of 10 L/min has been effective in limiting water production from the CO2 

absorbent18

CCV = critical care ventilator

FGF = fresh gas flow (flow per minute of O2 and other gases such as nitrous oxide)

HMEF = Heat and moisture exchanging filter
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Figure 1. A Modern Anesthesia Machine (Aisys, GE Heathcare). There are many design variations. 
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Figure 2. A Simplified Drawing of the Anesthesia Machine Circle System. 
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Figure 3. Resources for Using Anesthesia Machines as Critical Care Ventilators for Use with COVID-19 
Patients. 
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Figure 4. Proper Location of Heat and Moisture Exchanger Protecting the Anesthesia Machine and Gas 
Monitor. 
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